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BAECC SNEX
Feb 1 — Apr 30, 2014

Quantitative estimation of snowfall microphysics to

* connect to multi-frequency and dual-pol radar
observations

« (give a detailed view of snow growth processes, by
combining with multi-instrumental remote sensing

Quality of observations and retrievals is insured by
consistency of retrieved PSD, density, v-D and m-D
between instruments, methods and each other
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Measurement setup
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Instruments inside MICI'O Raln Radar NASA Particle Image Package Snow depth sensor
of the fence and 3D anemometer
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Dual fence international reference
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Following improved GCPEXx design (accordlng to
recommendations by Peter Rodriguez, Environment Canada)
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Inside of the fence
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Field instruments

GILL 3D
anemometer
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Accumulation [mm]

Accumulation [mm]

Precipitation accumulation — consistency check
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« Measurements from different instruments should agree
« Or disagree in a predictable way
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PSD observations

Hyytiala 2014-01-31 - 2014-02-01
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PSD observations

Normalised PSD of PIP at 31-Jan-2014 21:00:00 --- 01-Feb-2014 06:00:00
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PIP detects (shows”?) more smaller particles
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PSD observations
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PSD observations — 20 March, 2014

Normalised PSD of PIP at 20-Mar-2014 15:00:00 --- 20-Mar-2014 23:00:00
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Normalised PSD of Parsivel inside at 20-Mar-2014 15:00:00 --- 20-Mar-2014 23:00:00
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PIP and Parsivel PSD shapes agree better

when more smaller particles are present
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Bulk density estimation
PIP and Pluvio (similar to Brandes et al. 2007)

Precip. accumulation from PIP PSD observations:

T+AT D,
GP,P(T)=10-6%& [ [ DVW(D.)ON(AD,1)dD dt
IOW T D

min

At the same time weighing gauge gives:

1 T+AT
G, .T)Y=10—— | m(t)dt
WG( ) IOWAG !j ()

The bulk density accuracy is determined by how well N(D),
v(d) and gauge accumulation can be measured.
Needs sufficient accumulation to work — No light precip.

events
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Bulk density — 2D-video

Following Huang et al., (2015) with basic formulation of Bohm
(1989) and later modification of Heymsfield & Westbrook,
(2010)

« Terminal velocity depends on Reynolds number
nRe
PuirD

 The Reynolds number depends on Davies number

11/2
WX
84/C,
« The Davies number v Par gmg( A )“4

? A
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Bulk density — 2D-video
Depends on observations and assumptions

of particle shapes !!!
Following Huang et al., (2015) with basic formulation of Bohm
(1989) and later modification of Heymsfield & Westbrook,
(2010)

« Terminal velocity depends on Reynolds number
nRe
PuirD

 The Reynolds number depends on Davies number

11/2
WX
84/C,
« The Davies number v Pui gmg( A )“4

? A
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Bulk density consistency check
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BAECC SNEX --- March 20, 2014
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Bulk density consistency check - velocity

BAECC SNEX --- March 20, 2014
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p [glem’]
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D
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Bulk density consistency check - velocity

BAECC SNEX --- March 20, 2014
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Bulk density consistency check - velocity

BAECC SNEX --- March 20, 2014
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Bulk density consistency check - velocity

BAECC SNEX --- March 20, 2014
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Bulk density consistency check - velocity

BAECC SNEX --- March 20, 2014
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Bulk density consistency check - velocity
Feb 21, 2014

1.0 [ T T T T T i
— 0.9 I I I —2DVD s |1
“c 0.8F | ] | |——PIP+Pluyio® |-
o 0.7+ I I I I H
=) gg X I I I I -
- 1 1 | |
% 04F I I I I
c 0.3F ! l !
[ | | |
Q 82%:— ! ! :
1700 1800 19100 20:00 | 21:00 _ 22: qo 23-ooi 0(;9:00

f_vf—W'L}T_C)_.

3.0 28:26-19:00 UTC ~, ,  20:29-20:33 UTC Lo, 22:03-22:11 UTC 23:13- 23 14UTC _ ~ 23:44-23:45 UTC
- —_— 0.442 I 0.707 ' ' LA N N N R N S N S S . v T T T T T 1
§2.5~—  | ‘1092D Y 2.5F 1.294D {1 25L. — 2.728D%4% || 25%,,% —  0.700D"*% || 25 — 0.911D%%% ||
R R B G R e o I L It R B
RS G RIES . 5T T I NEYC Y 0 0 Y 0 W0 PV 0 0 O
) . . Ay - e Rt S ™ o et S D e
> 1.0p CEr LOp g O] 10k e i 1.0F
i R R I L S Ry e et

10.00.51.01.52.02.53.03.54.0 ~'0.00.51.01.52.02.53.03.54.0 *"9 00.51.01.52.02.53.03.54.0 " 0.00.51.01.52.02.53.03.54.0 " 0.00.51.01.52.02.53.03.54.0
D (mm) D (mm) D (mm) D (mm) D (mm)

* Density retrievals are also consistent with v(D) observations
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Bulk density consistency check - snow depth
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Summary of BAECC SNEX events
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Painting one picture by observations from different
sources
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Conclusions

« Excellent dataset of 20 snow events (combining wet
and dry snow events)

* Quantitative estimation of snowfall microphysics is
possible

« Quality of observations and retrievals can be verified
through consistency between retrievals, different instr.
Observations

« Now we need to use this data to

- connect multi-frequency and dual-pol radar
observations to snow microphysics and snow growth
processes
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